We use a global chemical transport model (GEOS-Chem CTM) 
order of magnitude more efficient than by rain because of the larger areal cross section of 149 snow crystals (Murakami et al., 1983) . 150
In-cloud scavenging (rainout) efficiently removes aerosols serving as cloud condensation 151 nuclei (CCN) or ice nuclei (IN). In the case of warm and mixed-phase clouds (T > 258 K), 152
we assume 100% incorporation of hydrophilic aerosols in the cloud droplets followed by 153 efficient scavenging when liquid water is converted to precipitation by coalescence or 154 riming. We assume that 80% of BC and 50% of POA are emitted as hydrophobic (Cooke 155 et al., 1999; Park et al., 2003) , and convert them to hydrophilic in the atmosphere with an 156 e-folding time of 1 day which yields a good simulation of BC export efficiency in 157 continental outflow (Park et al., 2005 
where Q k is the grid-scale formation rate of new precipitation (kg m -3 s -1 ), L is the 169 condensed water content of the precipitating cloud and is assumed to be constant (L = 170 1.010 -3 kg m -3 ) (DelGenio et al., 1996) , and C 1 is the rate constant for conversion of 171 cloud water to precipitation (
-4 s -1 ). The algorithm 172 is initiated for each grid square at the top of the tropospheric column and proceeds 173 downward, computing the actual precipitating fraction F k in layer k (index decreasing 174 downward) as F k = max(F' k , F k+1 ) to account for precipitation formation overhead. In 175 previous versions of GEOS-Chem, Q k > 0 caused rainout to be applied to the whole 176 precipitation area fraction F k and washout was only applied when F k > 0 and Q k ≤ 0 177 (negative Q k indicating net evaporation). This caused an overestimation of in-cloud 178 scavenging and underestimation of below-cloud scavenging, as F k+1 > F k should be an 179 indication of washout taking place over the fractional area F k+1 -F k of layer k. In our 180 present simulation, we apply rainout in layer k to the precipitating fraction F k and 181 washout to the additional fractional area F diff = max (0, F k+1 -F k ). The correction slows 182 aerosol scavenging as washout is generally less efficient than rainout. The global lifetime 183 of carbonaceous aerosols in our simulation is 6 days, within the range of 5-11days from 184 current models (Koch et al., 2009b) . 185
Model transport of BC from northern mid-latitudes to the Arctic is highly sensitive to 186 assumptions about scavenging efficiency. influence, adding to the subsidence from the mid-troposphere, is far more important for 325 BC than for OA because of the much higher BC/OA emission ratio from anthropogenic 326
sources than from open fires (Table 1) for near-surface data (<1 km) and in thick black for mid-tropospheric data (2-6 km). 948 
